Abstract. An ultra-wideband (UWB) 
Introduction
Ultra-wideband (UWB) technology attracts recent developments in wireless communication systems due to its unique advantages such as low power consumption, wide impedance bandwidth and high data rate for short range. The main feature of the UWB technology is the ability to carry signals through doors and others obstacles that tend to reflect signals with high power and limited bandwidth, thus it has been incorporated into many applications in other fields such as wireless communications, radar applications and medical engineering [1] - [3] . Printed monopole antennas are suitable for UWB technology because of their advantages such as light weight, low profile, low cost, small size and omnidirectional radiation pattern [4] , [5] . However, the narrow band technologies (e.g., WLAN and HiperLAN) cause interference with the UWB technology, which reduces the performance of the UWB system [6] . Therefore, the UWB system is integrated with a bandstop filter to eliminate unwanted frequencies and avoid the interference problem. The conventional UWB system is integrated with the bandstop filter in a separated model from the antenna, which leads to increase losses, size, complexity and cost [7] , thus it is desirable to integrate the microwave filter and antenna into a single design to provide radiating and filtering functions simultaneously. Recently, reconfigurable antennas have gained tremendous research interest in modern technologies such as cellular radio system, radar system, aircraft, mobile, satellite communications, Unmanned Airborne Vehicle (UAV) radar, smart weapon protection and microwave imaging that requires flexibility to support many standards (e.g., UMTS, Bluetooth, WiFi, WiMAX, DSRC), mitigate strong interference signals and cope with the changing environmental condition [8] , [9] .
The antenna with filtering function is known as filtering-antenna or filtenna. Filtering-antenna has several advantages such as miniaturize the size, simplify the design, reduce the losses and multifunction operation [10] . Thus, there is a growing interest to integrate resonant structures in the antenna design to produce stopband characteristics using different techniques. Most researchers used microstrip structures to construct the filtering-antenna such as introducing different forms of slots or structures on the radiating patch of the antenna [11] - [14] . In [13] , an ultra-wideband monopole antenna with a single band notch was proposed. In this topology, the band notch was produced by inserting a key and U-shaped slots on the radiating patch. However, it showed a bidirectional radiation pattern in the azimuth plane. In [14] , the band notch was achieved by etching slits and half wavelength stubs on the radiating patch. However, the results showed lower cross-polarization due to the notch structure on the radiation patch. Another technique by using defected ground structure (DGS) is reported in [15] . In this design, the band notch was created by removing two squares in the ground plane. However, the disadvantage of the DGS technique is the wave leakage through the ground plane, which influences the radiation characteristics such as a variation of the radiation patterns at higher frequencies [16] , [17] . The coupling technique was proposed in [18] . In this design, the band rejection was produced by coupling an open stub with a parasitic of inverted L-shaped inserted in a monopole antenna to reject the WLAN band. However, coupling techniques have a complex structure and hard to miniaturize. Some researchers used horn antennas to construct filtering-antenna [19] - [21] . The main advantage of the horn antenna is its efficiency to provide directed waves, which is suitable for aircraft applications. However, the disadvantage of horn antennas is the large size, which is not suitable for printed circuit board (PCB) technology. The created band notch can be controlled by incorporating active component into the resonant structure. In [22] , [23] a switch was employed in the defected patch structure to switch ON and OFF the created band notch. In [24] a switch was employed in the defected ground structure to control (ON/OFF) the band notch. However, incorporating active components in the radiating patch or ground plane influences the performance of the antenna because of the biasing network. A varactor diode is employed in the band notch structure to tune the created band notch as studied in [25] , [26] . However, tuning the created band notch may cut a portion of the received information once the interfering signal does not exist, which degrade the performance of the receiver in the UWB system.
From the literature, it can be noted that most researchers tend to use microstrip structure techniques due to their attractive advantages such as easy to fabricate, low in manufacturing cost and easy to integrate with any planar structure. However, previous topologies produced the band notch using resonant structures on the radiating patch or ground plane which may influence the performance of the antenna. In this paper, a modified printed monopole antenna is designed to achieve wide impedance bandwidth. U-shaped slot is etched on the feedline to provide band notch characteristics with high selectivity. The band rejection structure is integrated in the feedline to miniaturize the design, avoid the leakage through the ground plane, and provide stable omnidirectional azimuth pattern. The created band notch is tuned by adjusting the dimensions of the U-shaped slot. The created band notch is electronically controlled using BAP64-02 PIN diode. The gain and radiation pattern of the proposed design are measured and presented.
Antenna Design
The antenna is simulated using Computer Simulation Technology (CST). The substrate material used for this design is Rogers RT/Duroid 5880, which has a relative permittivity of  r = 2. ducing a simple microstrip transitions between the feedline and the patch, the return loss of the antenna is improved as explained in details in [27] . Furthermore, the return loss at higher frequencies is improved by placing a block with triangular shape slot on each side of the circular patch. Figure 2 shows the simulated return loss of the UWB monopole antenna. The simulated result shows that the modified UWB antenna exhibits a wide impedance bandwidth with high frequency skirt selectivity covering the frequency band from 3 to 14 GHz.
Filtering-Antenna Configuration
A resonant structure is integrated into the antenna design to form the proposed filtering-antenna. The resonant structure is constructed using U-shaped slot etched on the feedline as shown in Fig. 3(a) . The antenna provides wide impedance bandwidth and the U-shaped slot produces the band rejection to eliminate WLAN frequency band. The U-shaped slot is designed at resonant frequency of 5.45 GHz with length of a quarter of the wavelength [28] . The U-shaped slot influences the behavior of the current flow in the feedline and leads to produce band notch characteristics. Figure 3(b) shows the surface current distribution at the notch frequency, it can be seen that the current is more focused on the DMS and flows around the edges in opposite directions with the same magnitude, which leads to cancel each other and to produce high attenuation at that frequency. Thus, the antenna does not radiate, and therefore band notch is created [29] .
The band notch can be tuned by changing the width and length of the DMS. Figure 4 shows different position of the band notch with length variation of the DMS, it can be seen that the band notch can be tuned along wide frequency range and as the length of the DMS increases the resonant frequency of the band notch decreases, thus the result shows a band notch at 5.45 GHz when the length is 10.5 mm, while it shows a band notch at 7.5 GHz when the length is 7.5 mm. The bandwidth of the created band notch can be tuned from 0.475 to more than 1.5 GHz by changing the width of the DMS as shown in Fig. 5 .
The frequency reconfiguration feature is achieved by employing an ideal switch (SW) in the DMS as shown in Fig. 6 . The function of the ideal switch can be demonstrated by using copper strip, where the DMS acts as a short circuit (SC) in the ON state, while in the OFF state the DMS acts as an open circuit (OC). In other words, the existence of the copper strip shows that the switch condition is ON state; in contrast, the absence of the copper strip shows that the switch condition is OFF state. From Fig. 7 in the ON state (SC) the DMS acts as U-shaped slot which influences the distribution of the current flow at the band notch frequency and leads to produce band notch characteristics, while in the OFF state (OC) the DMS acts as a rectangular ring slot which allows the current to flow in the feedline and patch normally, and then allows the signal to pass at the band notch frequency.
To control the created band notch electronically, a PIN diode switch is used instated of the ideal switch as shown in Fig. 8 . The PIN diode acts as a variable resistor with two operating status (ON/OFF) [30] . Both states of the PIN diode have equivalent RLC circuit. The equivalent circuit for the ON state (forward biased) has a low resistance which allows the current to pass and acts as short circuit, while in the OFF state (zero or revers biased), it has a parallel combination of capacitance and large resistance which blocks the flow of current and acts as open circuit. The values of the RLC elements in both states are given in a standard PIN diode data sheet. Silicon PIN diode BAP64-02 is used to achieve frequency reconfiguration. The BAP64-02 PIN diode is modeled in CST using RLC lumped network element condition. The equivalent RLC circuits with required values of the BAP64-02 are shown in Fig. 9 [30] .
Results and Discussions
The proposed filtering-antenna with ideal switch is fabricated and shown in Fig. 10 . The simulated and measured return loss of the proposed filtering-antenna using ideal switch is shown in Fig. 11 . The simulated results show that the proposed filtering-antenna in the OC case provides a bandwidth from 3.1 to 14.4 GHz, while in the SC case it provides a bandwidth from 3.1 to 14.4 GHz with band notch from 5.1 to 5.8 GHz. On the other hand, the measured results show that the proposed filtering-antenna in the OC case has a bandwidth from 2.7 to 15.15 GHz, while in the SC case it has a frequency bandwidth from 3.55 to 16 GHz with band notch from 4.83 to 5.96 GHz. However, there is a small variation between the simulated and measured results due to the tangent loss of the substrate and the fabrication tolerance.
The proposed filtering-antenna with PIN diode switch is fabricated and shown in Fig. 12 . The simulated and measured return loss of the proposed filtering-antenna using PIN diode switch is shown in Fig. 13 . The simulated results show that the proposed filtering-antenna in the ON state provides a bandwidth from 3 to 14.4 GHz with band notch from 5.1 to 5.8 GHz, while in the OFF state it has the same bandwidth without band notch. The measured results
show that the proposed filtering-antenna in the ON state provides a bandwidth from 3.77 to 14.13 GHz with band notch from 5.25 to 5.76 GHz, while in the OFF state it provides a frequency bandwidth from 3.05 to 16 GHz without band notch. However, small frequency shift of 50 MHz is noted, where the measured center frequency of the band notch appears at 5.5 GHz and the simulated one appears at 5.45 GHz, which means that the frequency shift is about 0.89%, this is mainly due to the variation of the substrate permittivity which is 2.2 ± 0.02 (≈ 0.91%). In addition, the return loss of the measured band notch is decreased compared to the simulated one due to the current limit of the PIN diode at the ON state, where the maximum supplied voltage is 1.1 V [31] . Moreover, the performance of the PIN diode switch BAP64-02 decreases at higher frequencies (more than 2 GHz) as studied in [32] . Therefore, to investigate and demonstrate a controllable band notch using active components, PIN diode BAP64-02 is chosen. Figure 14 shows the measured gain of the fabricated filtering-antenna in the SC case. The result shows that the gain of the proposed filtering-antenna is more than 1 dB with a peak value of 4.85 dB over the operating band from 3 to 10 GHz except at the band notch frequencies where the gain significantly reduces. However, the gain is decreasing gradually over the operating band from 10 to 13.5 GHz due to the antenna misalignment and surrounding environment which cause power loss [33] . In addition, the dissipation factor of the substrate and the presence of higher order operational modes contribute to reducing the gain at higher frequencies as studied in [34] [35] [36] . Figure 15 illustrates the simulated and measured radiation patterns of the proposed filtering-antenna in the SC case at several frequencies, including H-plane and E-plane. It can be observed that the proposed filtering antenna provides omnidirectional radiation pattern. However, ripples are noted in the measured radiation patterns, due to the small size of the patch [33] . Furthermore, the radiation patterns degrade at higher frequencies due to the presence of the higher order operational modes. 
Conclusion
A modified UWB monopole antenna integrated with defected microstrip structure (DMS) for UWB applications has been reported. The proposed design without DMS shows a wideband performance of bandwidth covering the entire UWB frequency band (3.1-10.6 GHz). The band notch is created by defecting a U-shaped slot in the feedline. The band notch can be tuned by changing the width and length of the DMS. A PIN diode is employed in the DMS to control the created band notch electronically. The results show that the proposed filtering-antenna provides a wide bandwidth with controllable band notch to filter out WLAN frequencies, the realized peak gain of 4.85 dB and omnidirectional radiation pattern. Therefore, the proposed design is a good candidate for modern cognitive radio communications and UWB applications. 
